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Hyperbilirubinemia associates with perforated acute appendicitis, but the precise test characteristics
have not been determined by sufﬁciently powered studies.
A systematic literature search of reports on hyperbilirubinemia in acute appendicitis was performed.
After review and quality assessment of eight studies encompassing a total of 4974 patients the sensitivity,
speciﬁcity and other measures of accuracy of hyperbilirubinemia as a predictor of perforation in acute
appendicitis were pooled using a random-effects model.
Summary estimates for hyperbilirubinemia (cutoff 1 mg/dl) as a predictor of perforation in acute
appendicitis were as follows: sensitivity, 0.49 (95% conﬁdence interval [CI], 0.45e0.52); speciﬁcity, 0.82
(95% CI, 0.80e0.83); positive likelihood ratio, 2.51 (95% CI, 1.58e4.00); negative likelihood ratio, 0.58
(95% CI, 0.44e0.76); diagnostic odds ratio was 4.42 (95% CI, 2.21e8.83). In summary receiving operating
characteristic (SROC) analysis, the area under curve was 0.73.
The presence of hyperbilirubinemia does not alone distinguish a perforation in acute appendicitis.
Serum bilirubin level is of some value as a predictor of appendiceal perforation. Patients with hyper-
bilirubinemia combined with symptoms and signs consistent with severe acute appendicitis should be
considered for early appendectomy.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acute appendicitis remains a diagnostic challenge.1 Aside from
symptoms and signs, ultrasonography andmultidetector computed
tomography (MDCT) have become the most useful tools with a
respective sensitivity and speciﬁcity of 98.5% and 98.0% in expert
centres.2 Routine use of MDCT increases radiation exposure and can
be very expensive and time-consuming. Thus methods to diagnose
and estimate the extent of acute appendicitis without radiological
examinations are of interest. Observing serum bilirubin level merits
consideration as it seems to elevate in perforated appendicitis, its
determination is fast and can be performed in panel with other
commonly performed blood tests. Blood white blood cell count and
especially C-reactive protein have already been found somewhat to
predict the severity of acute appendicis, but without deﬁnitive and
convincing results.3e5urku University Hospital and
Turku, Finland. Tel.: þ358
.
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ciates Ltd. Published by Elsevier LtThere are several diagnostic scoring systems such as the Alvar-
ado score,6 the modiﬁed Alvarado score for use in paediatric pa-
tients,7 PAS (Paediatric Appendicitis Score),8 RIPASA (RajaIsteri
Pengiran Anak Saleha Appendicitis) score for use in Asian patients,9
and a newer Appendicitis Inﬂammatory Response (AIR) score.10
Most often these scoring systems combine symptoms (duration of
pain, migration of pain, nausea, vomiting), signs (tenderness, fever)
and/or laboratory measurements (leucocytosis, CRP). All of these
scores have been proven useful in predicting acute appendicitis in
patients presenting with pain in the lower right fossa, but none of
them evaluates the risk of appendiceal perforation nor uses
hyperbilirubinemia as a predictor.
Many surgical centres attempt to reduce surgical procedures
performed during the night, and delaying appendectomy for 12e
24 h does not seem to increase complications.11 Conservative
treatment with antibiotics has also been suggested for uncompli-
cated acute appendicitis in selected patients.12e14 Appendiceal
perforation combined with peritonitis always mandates an imme-
diate emergency operation or percutaneous drainage.12,13 Thus,
there is an increasing demand for fast and safe markers to specif-
ically separate patients with a complicated perforated appendicitis
from those with uncomplicated acute appendicitis.d. All rights reserved.
Table 1
Summarized quality assessment using the modiﬁed standards for reporting of
diagnostic Accuracy checklist.
Quality item Number of studies complying
with item (of 8 included)
Representative spectrum 8
Selection biasa avoided 6
Acceptable reference standard 8
Partial veriﬁcationb avoided 8
Differential veriﬁcationc avoided 3
Incorporationd avoided 3
Reference standard results blinded 0
Information biase avoided 0
Index test results blinded 0
Relevant clinical information provided 8
Uninterpretable/intermediate test
results reported
8
Withdrawals explained 6
Reference standard e occurrence of perforation in acute appendicitis, index test e
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REVIEWElevated serum bilirubin level and jaundice are commonly
observed in patients suffering from a septic condition.15e17 Acute
appendicitis is the most common intra-abdominal infectious focus
in a surgical patient and Escherichia coli and Bacteroides fragilis are
themost frequent bacterial isolates in this condition. Bacteraemia is
known to cause endotoxemia leading to impaired excretion of
bilirubin from the bile canaliculi.18,19 A few case reports have
described hyperbilirubinemia in patients with a severe post-
operative infection after appendectomy or with a complicated
acute appendicitis.17,20e26
More recently, several retrospective and some prospective
studies have analysed hyperbilirubinemia as a marker of acute
appendicitis and perforation, but none of these studies has been
sufﬁciently powered to analyse the precise sensitivity and speci-
ﬁcity in diagnostics.27e35 We performed a meta-analysis to deter-
mine the value of serum bilirubin measurement in diagnosing
acute appendiceal perforation.Hyperbilirubin.
a When eligible patients are not enrolled consecutively/randomly.
b When a nonrandom set of patients does not undergo the reference standard.
c When a set of patients is veriﬁed with a second or third reference standard,
especially when this selection depends on the index test result.
d When the index test is incorporated in the reference standard.
e When the index test results are interpreted with knowledge of the results of the
reference standard.2. Materials and Methods
An English-language literature search was performed through Medline,
Cochrane Library, Embase, Scopus and Google Scholar for any study on appendicitis
and hyperbilirubinemia from January 1950 to March 2013 aiming to identify studies
evaluating an association between appendiceal perforation and hyperbilirubinemia.
The search was run independently by two authors (S.G. and M.P.) according to
the validated methods of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.36 The terms employed in the search were:
‘appendix’, ‘appendicitis’, ‘bilirubin’, ‘hyperbilirubin’, ‘hyperbilirubinemia’, ‘hyper-
bilirubinaemia’, ‘jaundice’. In addition, the reference lists of all relevant articles were
scrutinised. In order to form a highly sensitive search strategy, there were no re-
strictions on publication status or study design. However, case reports were
excluded.
Although no language restrictionswere imposed initially, for the full-text review
and ﬁnal analysis, our resources permitted the review of articles published in En-
glish, Italian, Spanish, German, Swedish or Finnish. All studies designed with at least
100 patients, reporting all-comers populations with acute appendicitis and bilirubin
measurements, were qualiﬁed for subsequent analyses. Letters, conference abstracts
and grey literature to the journal editors were excluded because of the limited data
presented.
Two reviewers (S.G. and M.P.) read the titles and/or abstracts of the identiﬁed
references and eliminated irrelevant studies. Studies that were considered eligible
for inclusion were read fully in duplicate, and both reviewers independently
determined their suitability for inclusion in the study. Discrepancies were managed
by consensus.
Data extraction was performed independently by two reviewers (S.G. and M.P.)
from all eligible studies using a standardized Excel ﬁle. The two reviewers were
blinded to publication details, and all extracted data had to be agreed upon. Data
retrieved from the reports included study design, participant characteristics,
outcome measurements, publication year, and methodological quality.
We assessed the methodological quality of the studies by using the quality
assessment of diagnostic accuracy studies (QUADAS) tool.37,38 Two independent
reviewers (S.G. and M.P.) applied the QUADAS tool to the articles included in the
study, and differences in assessments were resolved by consensus in the presence of
a third investigator (J.G.). The details of the methodological assessment are shown in
Table 1. The score was not used as an inclusion criterion or a weighting factor.
We re-calculated the numbers of true-positive, true-negative, false-positive and
false-negative, and results. Only patients with histological ﬁndings of acute or
perforated appendicitis were included in order to standardize the data between the
studies. Therefore, we excluded patients with no histological signs of acute
inﬂammation. Retrieved information is displayed for each study in Table 2.
We followed standard methods recommended for meta-analyses of diagnostic
test evaluations.39 The retrieved studies were included if they reported outcomes
about acute appendicitis, appendiceal perforation and serum bilirubin value.
Hyperbilirubinemia was deﬁned as reported from the considered studies, a bilirubin
level greater than 1mg/dl or>20.5 mmol/l.27,29e35 Datawere retrieved only from the
articles and no attempt to get missing data from the authors was made.2.1. Statistical analysis
Statistical analyses were performed using Meta-DiSc software (for Windows; XI
Cochrane Colloquium; Barcelona, Spain).40
The following measures of test accuracy were computed for each study: sensi-
tivity (Se), speciﬁcity (Sp), positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic odds ratio (DOR).Se of a test is the proportion of participants with disease and a positive ﬁnding of
perforated appendicitis and hyperbilirubinemia. Sp measures the proportion of
negatives subjects correctly identiﬁed (patients with normal bilirubin and without
appendiceal perforation). PLR is the probability of a positive ﬁnding in participants
with disease divided by the probability of the same ﬁnding in participants without
disease. Similarly, NLR is the probability of a negative ﬁnding in a participant with
disease divided by the probability of the same ﬁnding in participants without dis-
ease. DOR is the ratio of the odds of a positive ﬁnding in a participant with disease
relative to a positive ﬁnding in a participant without disease.39
The analysis was based on a summary receiver operating characteristic (SROC)
curve,41,42 with a Q-value deﬁned to be the false discovery rate analogue of the p-
value. Sensitivity and speciﬁcity for the single test threshold identiﬁed for each
studywere used to plot the SROC curve. Random-effects model was used to calculate
the average sensitivity, speciﬁcity, and the other measures across the studies.43
Heterogeneity has been assessed by using I2 statistic, which describes the per-
centage of total variation across studies that is due to heterogeneity rather than
chance.44 Usually, values of the I2 statistic <25% are indicative of low heterogeneity,
those ranging between 25% and 75% of moderate heterogeneity, and those >75% of
high heterogeneity. I2 <75% was considered as non-important heterogeneity. We
performed a random-effect analysis in all cases, which considers both within- and
between-study variation,45 because of the observational nature of most studies
included in this analysis. A p < 0.05 was considered statistically signiﬁcant.
Finally, we conducted sensitivity analyses omitting each study in turn to
determine whether the results were inﬂuenced excessively by a single study. Pub-
lication bias was assessed using the funnel plot.
3. Results
Literature search yielded 29 articles, eight27,29e35 of which were
pertinent to this issue and sources of information on appendix
perforation and hyperbilirubinemia. The literature search ﬂowchart
is shown in Fig. 1.
The eight studies included27,29e35 involved a total of 4974 pa-
tients, and two of them were carried out in the United States,27,30
four in Europe31e33,35 and two in Asia.29,34 All publications are in
English. Surgical and histological diagnosis is the reference stan-
dard in all studies included. The summary of the quality assessment
is illustrated in Table 1 and the methodological quality of the
studies included is very similar as none of the studies fulﬁlled all
items of the QUADAS checklist.37 The primary concern with
methodological quality relates to the time delay between the bili-
rubin measurement and clinical tests. Furthermore, it is unclear
whether the assessors were blinded to the outcome of index and
reference tests. Table 2 shows data extracted from the studies,
seven of them are retrospective cohorts.
Table 2
Summary of data retrieved from studies, sensitivity and speciﬁcity of hyperbilirubinemia as marker of appendix perforation.
Authors Study type Number of
patients
Age (years,
(mean, range)
Hystologically
conﬁrmed
appendicitis (n)
Perforated
appendix (n)
Sensitivity Speciﬁcity Positive
likelihood ratio
Negative
likelihood ratio
Estrada 2007 Retrospective non-randomized 170 33 y (5e66) 157 41 0.56 0.69 1.81 0.64
Khan 2008 Prospective non-randomized 122 29 y (8e73) 118 18 0.72 0.18 0.88 1.54
Sand 2009 Retrospective non-randomized 538 36 y (6e91) 376 97 0.70 0.86 5.06 0.35
Käser 2010 Retrospective non-randomized 1073 22 y (5e92) 725 155 0.38 0.78 1.71 0.8
Atahan 2011 Retrospective non-randomized 351 31 y (18e83) 302 45 0.80 0.84 4.9 0.24
Emmanuel 2011 Retrospective non-randomized 472 27 y (5e82) 386 45 0.60 0.70 1.99 0.57
Hong 2012 Retrospective non-randomized 977 31 y 732 245 0.32 0.84 2.01 0.81
McGowan 2013 Retrospective non-randomized 1271 e 1053 154 0.55 0.90 5.76 0.50
S. Giordano et al. / International Journal of Surgery 11 (2013) 795e800 797
REVIEWFig. 2(A) and (B) shows the forest plot of sensitivity and speci-
ﬁcity for hyperbilirubinemia in predicting appendix perforation.
The sensitivity ranged from 0.32 to 0.80 (mean, 0.49; 95% conﬁ-
dence interval [CI], 0.45e0.52, Fig. 2(A)), and speciﬁcity from 0.18 to
0.90 (mean, 0.82; 95% CI, 0.80e0.83, Fig. 2(B)). PLR was 2.51 (95% CI,
1.58e4.00, Fig. 2(C)), NLR was 0.58 (95% CI, 0.44e0.76, Fig. 2(D)),
and DOR was 4.42 (95% CI, 2.21e8.83, Fig. 2(E)).
X2 values of sensitivity, speciﬁcity, PLR, NLR and DORwere 82.65
(p< 0.001), 313.14 (p< 0.001), 158.02 (p< 0.001), 80.78 (p< 0.001)
and 100.59 (p< 0.001), respectively, with all indicating a signiﬁcant
heterogeneity between the studies (91.3e97.8%).
The SROC curve summarizes the overall diagnostic accuracy,
showing the tradeoff between sensitivity and speciﬁcity. The SROCFig. 1. Flow-chart summarizingcurve for hyperbilirubinemia in appendiceal perforation demon-
strating true-positive rates versus false-positive rates from indi-
vidual studies is shown in Fig. 3. The SROC curve is positioned
towards the desirable upper left corner of the SROC curve, and the
maximum joint sensitivity and speciﬁcity, i.e. the Q-value, corre-
sponding to the point closest to the ideal top-left corner of the SROC
space in symmetric curves, was 0.68. The area under the curve
(AUC) was 0.73 indicating an acceptable level of overall accuracy
and discrimination (Fig. 3).
Finally, the exclusion of any study from the analysis did not
materially change the summary estimates. The funnel plot of all the
included studies showed an absence of signiﬁcant asymmetry
(Fig. 2(F)).literature search results.
Fig. 2. Forest plots of estimates of sensitivity (A), speciﬁcity (B), positive likelihood ratio (C), negative likelihood ratio (D) and diagnostic odds ratio (E) for hyperbilirubinemia and
appendiceal perforation and funnel plot of all included studies (F). The size of the solid circle indicates the effect size of each study.
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REVIEW4. Discussion
This diagnostic meta-analysis of 4974 patients provides a
compelling insight into the diagnostic value of serum bilirubin
measurements for appendiceal perforation in an emergency room
setting Appendicitis is most often uncomplicated. Whereas non-
perforated acute appendicitis can be treated by appendectomy
followed by a short recovery period, a perforated appendicitis may
be a life-threatening condition.46 An early diagnosis of perforation
improves outcome, and allows the surgeon to operate early and
prepare for a potentially difﬁcult procedure.
Although meta-analysis is not yet a widely approved method to
summarize evidence from studies on diagnostic tests, we believe
that pooling the diagnostic accuracy from eligible studies provides
valuable information for surgeons and researchers until larger
studies are available.
Our analysis has some strengths and limitations. The pooled
speciﬁcity and SROC values are relatively high (0.82, Fig. 2(B) and
0.73, Fig. 3). This demonstrates that a normal serum bilirubin value
combined with symptoms and signs of acute appendicitis supports
the presence of an uncomplicated appendicitis. A major limitation
derives from the weaknesses observed in the included studies.
Eight studies were used for this pooled analysis: seven of them
were retrospective27,30e35 and only one prospective cohort29 with
clear heterogeneity in methods and settings (e.g. country, operativeindications, time since diagnosis Table 2). We extracted data only
from patients with histological ﬁndings of acute or perforated
appendicitis, and excluded patients with no histological signs of
acute inﬂammation. Indeed, no patients presenting organ failure
requiring resuscitation or a laparotomy were present in the
included articles. Possible confounders are present in all studies,
and if a surgeon is conscious of the predictive value he or she might
be more prone to operate e and therefore diagnose appendicitis e
in the presence of hyperbilirubinemia and therefore be more likely
to diagnose appendicitis. Our meta-analysis showed a pooled
sensitivity of 0.49, a pooled speciﬁcity of 0.82, positive likelihood
ratio of 2.51 and negative likelihood ratio of 0.58. A positive like-
lihood ratio >5 or negative likelihood ratio <0.2 is indicative of
strong diagnostic evidence.47 For reference, a positive likelihood
ratio of 2 increases probability of disease by 15%,48 and a negative
likelihood ratio of 0.5 decreases the probability of disease by 15%.48
Our relatively low PLR and high NLR, combined with poor
sensitivity and speciﬁcity, do not give a sustained evidence of
elevated serum bilirubin value in acute appendicitis perforation.
However, AUC value in our SROC curve was 0.73 indicating a
moderate accuracy of the value of hyperbilirubinemia in disclosing
appendix perforation, as it is >0.7.49 Important statistical hetero-
geneity (I2 > 75%) was found in all of the analysis (Fig. 2), which
might be a confounding factor for the results. All included studies
differed in design and conduct as well as in participants and
Fig. 3. SROC curve for hyperbilirubinemia and appendiceal perforation. Each study is
represented by each solid circle in the meta-analysis. The size of the solid circle in-
dicates the size of each study. SROC curve summarizes the overall diagnostic accuracy.
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REVIEWinterventions. Substantial heterogeneity was identiﬁed in terms of
both size and direction of effect (I2¼ 91.3e97.8%, Fig. 2(A)e(E)). For
this reason a sensitivity analyses was conducted excluding in turn
each study. However, the exclusion of any study from the analysis
did not materially change the summary estimates, which indicates
that publication bias is unlikely to have appreciably inﬂuenced the
pooled results. The number of patients considered for this meta-
analysis was relatively small (a total of 4974 patients), diagnostic
methods used were not standardised with lack of elucidation in the
papers and there was not enough speciﬁc data about timing of
operation since diagnosis.
In summary, this study presents a cumulative analysis of almost
5000 patients from studies in different settings and demonstrated
the value of hyperbilirubinemia as a predictor of appendiceal
perforation. A patient presenting with an acute appendicitis un-
dergoes a primary evaluation with a clinical examination, blood
tests and possibly imaging studies in the emergency room and
decision is made between observation, with or without antimi-
crobial treatment, planned surgery during the following 12e24 h or
immediate emergency operation.3e10,13,14 If symptoms and signs
suggest a perforated appendicitis serum bilirubin measurement is
one additional tool in the primary evaluation. Hyperbilirubinemia
alone is not a strong enough predictor, but might be more useful
when integrated into a scoring system. In this regard, further
studies would be useful especially in resource-poor settings with
limited availability of a CT or other imaging studies.
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